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ABSTRACT 


Aa  equation  has  been  developed  to  predict  the  residual  static  strength 
of  stiffened  panels.  All  parameters  in  the  equation  can  be  evaluated 
from  tests  on  simple  unstiffened  specimens.  The  stiffened  panel  is 
treated  as  a  composite  material,  with  the  sheet  material  representing 
the  matrix  and  the  stiffeners  representing  the  fibers.  The  residual 
static  strength  of  the  cracked  sheet,  calculated  using  notch  strength 
analysis,  and  the  proportional  limit  of  the  stiffeners  are  used  in  the 
law-of-mixtures  equation  to  calculate  the  residual  static  strength  of  the 
stiffened  panels. 

Excellent  predictions  of  the  residual  static  strength  of  stiffened  panels 
have  been  obtained  and  are  presented  for  a  wide  variety  of  panel  con¬ 
figurations,  type  fasten-  rs,  and  crack  geometry. 
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INTRODUCTION 


Current  fail-safe  design  philosophy  dictates  the  need  for  a  practical 
method  to  predict  the  residual  static  strength  of  damaged  or  cracked 
structures.  Several  methods  exist  for  predicting  the  residual  strength 
behavior  of  unstiffened  panels;  for  example,  fracture  mechanics,  notch 
strength  analysis,  and  effective  width  approach.  If  these  methods  are 
properly  applied  and  their  inherent  limitations  are  recognized,  accepta¬ 
ble  engineering  predictions  can  be  made.  Prediction  methods  for 
stiffened  panels  are  somewhat  more  limited  in  their  capability  of  making 
satisfactory  predictions  for  a  wide  variety  of  configurations.  Often  the 
designer  is  forced  to  rely  on  experimental  data  obtained  from  stiffened 
panels  that  are  similar,  if  not  identical,  to  those  he  will  ultimately  use. 
Obviously,  this  approach  is  both  time-consuming  and  costly. 

Based  on  the  need  for  a  simple  method  to  predict  the  residual  strength 
of  stiffened  panels,  it  was  the  purpose  of  this  study  to  develop  a  method 
which  required  only  basic  material  properties  and  data  from  unstiffened 
panels  to  make  the  predictions. 
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BACKGROUND 


The  need  for  an  improved  method  to  predict  the  residual  static  strength 
of  stiffened  panels  became  apparent  when  some  unpublished  NASA  data* 
on  30-inch-wide  2024-T3  and  7075-T6  aluminum  panels  with  riveted 
aluminum  stiffeners  were  being  studied.  In  the  NASA  data,  the  ratio  of 
stiffener  area  to  skin  area  varied  from  19  to  56  percent  and  the  percen¬ 
tage  of  total  area  that  failed  (prior  to  testing)  ranged  from  12  percent  to 
66  percent.  Interestingly,  the  test  results  indicated  that  the  ratio  of 
stiffener  area  to  skin  area  had  no  apparent  effect  on  the  residual  strength 
behavior,  as  shown  in  Figures  1  and  2.  Since.configuration  had  no 
apparent  effect  on  the  behavior,  a  single  curve  could  be  faired  through 
all  the  data  for  a  given  material.  Although  the  scatter  was  quite  large, 
the  curves  indicate  the  trend  of  the  data.  Comparison  of  these  faired 
curves  indicates  that  the  curve  for  the  7075-T6  material  fall;,  above  the 
curve  for  the  2024-T3  material.  Typically,  for  unstiffened  panels,2  the 
order  of  the  curves  is  reversed;  that  is,  the  curve  for  the  2024  material 
falls  above  the  curve  for  the  7075  material  (see  Figure  3). 

l 

For  the  curves  presented  in  Figures  1  and  2,  it  became  obvious  that  the 
methods  commonly  used  to  predict  th|e  residual  static  strength  of 
stiffened  panels  (for  example,  Greif  and  Sanders3  and  Romualdi  et  al4) 
would  not  result  in  suitable  predictions  since  their  approach  is  to  adjust 
the  unstiffened  data  by  a  factor  which  is  some  function  of  the  specimen 
geometry  (stiffener  spacing,  area,  etc.  )  and  the  ratio  of  sheet  to 
stiffener  material  moduli.  In  the  NASA  data,  the  stiffener  and  sheet 
material  have  identical  moduli;  therefore,  the  commonly  used  methods 
would  result  in  adjustment  of  both  curves  in  Figure  3  by  the  same  factor. 
Thus,  using  these  approaches  would  result  in  predicted  curves  ordered 
as  shown  in  Figure  3,  not  as  the  actual,  results  as  shown  in  Figures  1  and 
2. 


♦Unpublished  data  obtained  from  additional  testing  on  panels  described 
in  Reference  1 . 


2 


(!«l)  lllS 


Figure  1.  Residual  Static  Strength  of  Stiffened 
7075-T6  Aluminum  Panels. 


.  3 


4 


Figure  2.  Residual  Static  Strength  of  Stiffened 
2024-T3  Aluminum  Panels. 


METHOD 


The  approach  presented  herein  is  to  treat  the  panel  as  a  composite 
material,  with  the  sheet  material  representing  the  matrix  and  the 
stiffeners  representing  the  fibers.  The  residual  static  strength  of  the 
crack  sheet,  calculated  using  notch  strength  analysis,2  and  the  pro¬ 
portional  limit  of  the  stiffeners  are  used  in  the  law-of-mixtures  equation, 
which  has  been  shown  to  be  applicable  in  predicting  the  strength  of 
metal-metal  composites  (see,  for  example,  Reference  5).  It  is  assumed 
that  the  proportional  limit  of  the  stiffener  is  the  limiting  stress  at  which 
the  stringer  is  effective  in  retarding  the  failure  process. 

The  equation  for  predicting  the  residual  static  strength  (Snet)  of  stiff  - 
ened  panels  is  as  follows: 

Net  Sheet  Area\ 

Total  Area 

Proportional  Limit  /  Net  Stiffener  Area 
of  Stiffeners  \  Total  Area 

Then, 

_ gu(sheet)  ^net(sheet) _ 

Ku  [-Ajie^gheet:)  +  -Anet(stiff)  3 

F’L'(stiff)  -Anet(stiff) 

[^net(sheet)  + -^net(stiff)  ]  (1) 

ultimate  strength  of  sheet  material,  ksi 

proportional  limit  of  stiffener,  ksi 

net  section  area  of  sheet  (panel  width  minus 
crack  length,  times  thickness),  in.2 

net  section  area  of  remaining  stiffeners,  in.2 

static  notch  strength  factor 


^net 

+ 

where  ^u(sheet)  = 

PL(stiff) 

•Anet(sheet)  = 

•^net(stiff) 

Ku 


Snet  = 


Residual  Static  Strength 
of  Sheet  Material 


( 
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The  static  notch  strength  factor  is  calculated  by  using  the  following 
equation: 

Ku  =  1  +  Cm  Y"a"  V^TTTaTw  (2) 

where  Cm  =  material  constant  obtained  from  experimental  data  on 

i 

unstiffened  panels ,  in."2 
a  =  one-half  crack  length,  in. 

W  =  specimen  width,  in. 

Equation  (1)  requires  only  knowledge  of  basic  material  properties ,  that 
is,  ultimate  tensile  strength  and  proportional  limit,  and  sufficient 
residual  static  strength  data  on  unstiffened  panels  to  obtain  the  material 
constant,  Cj^j  (see  Reference  6).  For  aluminum  and  some  titanium 
alloys,  the  value  of  Ku  can  be  calculated  by  using  the  curves  presented 
in  References  2  and  7  respectively. 


7 


4 


AGREEMENT  BETWEEN  PREDICTION  AND  EXPERIMENTAL  DATA 


A  literature  survey  was  conducted  to  obtain  test  data  covering  a  wide 
range  of  materials  and  specimen  configurations.  Although  the  search 
was  extensive,  only  a  limited  amount  of  experimental  data  was  available 
(References  8  through  11). 

To  demonstrate  the  overall  applicability  of  the  proposed  method,  no 
attempt  was  made  to  adjust  the  value  of  Cm  for  each  specific  set  of  data; 
rather,  typical  values  of  CMwere  used  in  the  calculations.  Also,  since 
the  proportional  limits  were, .not  quoted  in  the  referenced  reports,  typical 
values  were  used.  A  summary  of  the  values  that  were  used  in  the  calcu¬ 
lations  is  presented  in  Table  I. 


TABLE  I.  CONSTANTS  USED  TO  CALCULATE  RESIDUAL 
STATIC  STRENGTH  OF  STIFFENED  PANELS 


Material 

CMi 
(in. “  2  ) 

Proportional  Limit 

(ksi) 

2024-T3  Bare  and  Clad 

0.  65 

45 

7075-T6  Bare  and  Clad 

1.  90 

55 

PH14-8  (SRH  1050) 

0.  70 

189 

Ti8Al  -  1  Mo-  IV 

0.  60 

116 

In  the  case  of  Reference  8,  notched  panels  rather  than  fatigue  cracked 
panels  were  tested.  Calculation  of  Ku  for  notched  panels  requires  the 
approach  described  in  Reference  2.  For  the  data  in  this  report,  the 
values  of  %/p'"  (material  constant  required  to  calculate  Ku  for 
notched  specimens)  were  the  same  as  those  used  in  Reference  8  (see 
Table  II). 
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Table  II  -  Continued 
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Table  II  -  Concluded 
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Longidtudinal  butt-weld  in  skin  at  straps 


The  predictions  obtained  by  using  Equation  1  for  all  the  available  data 
are  presented  in  Table  II  and  in  Figure  4  as  tick  marks.  The  experi¬ 
mental  data  are  shown  as  symbols  in  the  figures.  The  symbol  F  above 
the  stiffeners  indicates  that  the  stiffener  had  been  failed  prior  to  testing. 
These  data  include  specimen  widths  ranging  from  12  inches  to  57  inches, 
specimens  with  either  riveted  or  welded  stiffeners,  and  specimens  con¬ 
taining  eithei  notches  or  fatigue  cracks.  It  can  be  seen  from  Figure  4 
that,  in  general,  the  predictions  for  the  7075-T6  aluminum  panels  dis¬ 
cussed  previously  are  higher  than  those  for  the  2024-T3  aluminum  panels 
and  thus  tend  to  conform  with  the  observed  trends  in  Figures  1  and  2. 

The  average  differences  between  the  calculated  values  and  the  experi¬ 
mental  data  for  each  material  are  presented  in  Table  III. 
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TABLE  III.  AVERAGE  DIFFERENCES  BETWEEN  CAL¬ 
CULATED  AND  EXPERIMENTAL  DATA 


Material 

No.  of  Points 

£i 

^net(cal)  “  ^net(exp) 

No.  of  Points 

2024  -  Bare  and  Clad 

43 

2.  8  ksi 

7075  -  Bare  and  Clad 

26 

6.  0  ksi 

Ti8Al-lMo-lV 

Riveted 

6 

5.  0  ksi 

Welded 

18 

8.  3  ksi 

PH14-8MO  (SRH  1050) 

Riveted 

6 

11.6  ksi 

Welded 

18 

15.  7  ksi 

17 
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The  average  differences  for  the  Ti8Al-lMo-lV  panels  with  welded  stiff¬ 
eners  and  for  the  PH14-8  panels  with  either  riveted  or  welded  stiffeners 
are  somewhat  large.  However,  investigation  indicates  that  there  were 
differences  of  as  mucn  as  14.  9  and  18.7  ksi  for  the  Ti8Al-lMo-lV  and 
PH14-8  panels,  respectively,  in  the  results  of  tests  on  similar  speci¬ 
mens.  Based  on  this  observation,  the  large  differences  between  the 
calculated  and  experimental  values  for  these  cases  are  not  considered 
to  be  unreasonable. 

Even  though  typical  values  of  the  material  constant,  C^,  and  the  pro¬ 
portional  limit  were  used  for  each  material,  with  no  attempt  to  adjust 
the  values  for  each  set  of  data,  and  even  though  there  was  inherent 
scatter  in  residual  strength  data  on  stiffened  panels,  the  predictions  are 
considered  to  be  quite  good.  As  can  be  seen  in  Figure  4,  the  method  pro¬ 
duced  acceptable  results  for  a  wide  range  of  configurations,  type 
fasteners,  and  crack  geometry. 
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Figure  4.  Experimental  and  Predicted  Strengths 
of  Stiffened  Panels. 


19 


Figure  4.  Continued. 
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Figure  4.  Continued. 
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Figure  4.  Continued 
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Figure  4.  Continued. 
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Figure  4.  Continued. 


Figure  4.  Continued. 
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